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The Analysis and Control of Infant
1

Vocal and Motor Behavior

William Clarence Sheppard, Jr.

In Experiment 1, developmental changes in the prosodic features of infant

vocalizing were studied with novel electro-acoustic techniques. Complete and

continuous recordings of all the vocalizations of 2 infants during the first

5 months of life were collected, beginning with the birth cries and continuing

uninterrupted as the infants were moved into plexiglass "air-cribs" at home.

These recordings were systematically sampled for analysis. The prosodic

features of vocalizing were analyzed by extracting S acoustic parameters:

fundamental frequency (cps), relative amplitude, and duration (mace), during

each of the 108 samples. The outputs of the parameter extractors (analog

electronic devices) were measured every 25 mace by an analog-to-digital con-

verter, then processed by an on-line digital computer. Composite statistics,

describing the 3 prosodic features of the vocalizing in each sample, were

plotted separately as a function of age at the time of sample. Parameter

values and trends in the prosodic features of infant vocalization are reported.

In Experiment 2, control of infant vocal and motor operant behavior was

studied. The experiment was conducted in the infant's home. Daily experimental

sessions were held from the time the S was 10 days old until he wes 3 months old.

Vocalization and leg kick were studied under a number of conditions. 4 reinforcers

were employed: a recording of the mother's heartbeat, a vibrator taped to the

infant's palm, 2 flashing lights, and a recording of the mother's voice. Experi-

mental conditions included operant level, continuous reinforcement, fixed-ratio

reinforcement, extinction, differential reinforcement of zero responding, non-

contingent reinforcement, and 2 concurrent multiple schedules.

Schedule control over responding and differential responding under dis-

criminative control for both vocal and motor operants in an infant less than 3

months of age was achieved.

Footnote

'This dissertation was supported by the U. S. Department of Health, Educa-

tion, and Welfare, Office of Education (Contract OEC-3-6-061784-0508), under

the provisions of P. L. 83-531, Cooperative Research, and the provisions of

Title VI, P. L.85-864, as amended. This thesis is one of four which have

been submitted in a complete form to the Office of Education as Supplement to

Studies in language and language behavior, Progress Report V, September 1,

1967.
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Chapter I: DEVELOPMENT OF THE PROSOIIC FEATURES OF INFANT VOCALIZING

INTRODUCTION

The vocal behavior of an infant during the first few months of

life is the matrix for later language development. Therefore, the

differentiation and organization of infant vocalizing as a function

of maturational and environmental factors holds considerable interest.

Previous research in this area consists almost entirely of de-

scriptions by a single observer transcribing the utterances of a single

infant in naturalistic settings. Two abridged biographical reports

will be sampled: one from a "pre-objctive" period, that of the late

19th century, and one from recent decades, employing "more refined

techniques" (McCarthy, 1946). The earlier writer, a keen observer of

behavior, is Charles Darwin. The contemporary writer, a linguist, is

W. F. Leopold.

"The noise of crying is uttered in an instinctive manner .

After a time the sound differs according to the cause, such as hunger

and pain . . he soon appeared to cry voluntarily. . . When 46 days

old, he first made little noises without any meaning to please him-

self, and these soon became varied . At exactly the age of a year,

he made the great step of inventing a word for food, namely mum .

and now, instead of beginning to cry when he was hungry, he used this

word in a demonstrative manner . . . implying 'Give me food" (Darwin,

1877, p. 292).
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"During the first few weeks the only sounds produced were cries

of dissatisfaction . . in the seventh and eighth weeks the sound

ceased to be purely incidental. She uttered more arbitrary sounds of

satisfaction . . . cooing as an articulated expression of feelings

of satisfaction was therefore well established by the end of the second

month . . . By the seventh month there was a good deal of babbling

prevalently ranging from [a] to [e], long, without many tongue move-

ments . . At the end of the eleventh month, her active vocabulary

consisted of two words" (Leopold, 1939, p. 16).

Linguistic studies in this field have focused on providing a de-

scription of the language of a particular child at different levels of

development. The units of analysis have been phonemes, morphemes,

words and sentences. The procedures for data collection usually begin

with phonetic transcription of the infant's vocal behavior by a trained

observer. The 1st extensive studies of this type are those of the

linguists Gregoire (1937), Leopold (1939), Cohen (1952), Velten (1943)

and Lewis (1938). The work of Irwin and Chen in the 1940's is notable

for the refinements they introduced. These investigators began the

practice of using two observers rather than one; this allowed them to

obtain measures of observer agreement. They also increased the num-

bers of subjects observed and selected a more adequate sample of sub-

jects.

Psychologists hive tended to study more molar aspects of language

development. The main interest has been to provide normative data on

various indices of development, e.g., use of form class, size of vocab-

ulary, mean sentence length, and the like, although more recent research
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(summarized by McNeill, J966) emphPsizes the rule governed nature of

child language. The procedure for data collection is again tran-

scription (usually alphabetic) by a trained observer using cross-sec-

tional and longitudinal sampling. Among the classic studies of this

type are those of Davis (1938), Fisher (1934), McCarthy (1929), Shirley

(1933) and Templin (1939).

The most striking feature of the research literature on infant

vocalizing is the lack of advancement in the field. The basic draw-

back is the reliance on transcriptions obtained by observations in

naturalistic settings. Consider the difficulty of transcribing infant

speech sounds. Because the infant is in the process of learning to

articulate, the sounds he utters are unlikely tc fit neatly into any

classificatory system. There is the danger that the trained observer

filters the variegated vocal behavior through his own classificatory

categories--categories developed with adult vocal behavior--and thus

r2jects much of importance. Moreover, the infant utters sounds rapidly

and sporadically, making it difficult for the observer to keep an ac-

curate or complete record.

The obvious sampling problems have also limited the generality of

the findings of previous studies. It has been recognized that when in-

vestigator and subject are also mother and child, experimental rigor

receives little nourishment. In those less numerous studies in which

the investigator has intruded into the home, the schedule of observa-

tion and transcription usually has been, to be most charitable, unsystem-

atic. In summing up the results reported up to 1941 Irwin says:

"lt will be apparent from this review of the more important studies

. . that there does not exist a large body of data secured from adequate



samplings of iniarts for purposes of a statistical analysis . . . Usually

no systematic research methods were formulated; statistical techniques

essential to the analysis of mass data are practically aosent, no reii-

abilities of observers have been established, many observers used alpha-

betical rather than phonetic systems of symbols for recording; and most

reports indulge in an inordinate amount of interpretation supported by

very little empirical material" (Irwin, 1941, p. 285).

In her clas,ic review of the literature on language development in

the child, McCarthy writes: "Although this wealth of observational mate-

rial has proven stimulating and suggestive for later research workers,

it has little scientific merit, for each of the studies has employed a

different method, the observations have for th most part been conducted

on single children who were usually either precocious or markedly re-

tarded in their languaLe development; the records have been made under

varying conditions, and most of the studies are subject to the unrelia-
.

bility of parents' reports" (McCarthy, 1946, p. 478).

In his latest review of the area's progress, Irwin states: "Until

recently the speech behavior of the infant has had only occasional at-

tention. The reports of it in the literature are quite casual, they

are very sporadic,. and not at all acceptable from a systematic scien-

tific standpoint" (Irwin, 1957), p. 403).

Attempts to ameliorate one or more of the methodological problems

that we have reviewed have waited upon advancements in instrumentation.

In Part II of her 1929 review McCarthy described some of the early at-

tempts to record speech by means other than transcription by an observer.

The first device she described was the manometric flame, invented by

Koenig in 1862. With this device, the flame of a gas jet is disturbed

by the sound wave and these disturbances are recorded photographically.



The phonautograph, invented by Scott in 1859, recorded the speech wave

by means of a stylus attached to a diaphragm. The best device of this

general type was the phonodeik, which consisted of a horn and a dia-

phragm; a small platinum wire attached at one end to the diaphragm was

passed around a jewel-mounted spindle to a delicate spring. Attached

to the spindle was a tiny mirror which reflected a fine beam of light

onto a moving photographic film. The phonodeik could respond up to

10,000 cps but the horn and diaphragm introduced a certain amount of

distortion.

In 1893 Blondel had devised the oscillograph and with improvements

in amplifiers it promised to be a very useful piece of apparatus. How-

ever, even before the oscillograph had been developed to the point where

it gave a practically perfect representation of the sound wave, it he-

came clear that, once recorded in all its complexity, the waveform was

virtually impossible to analyze in ways that were useful for studying

speech.

Sound recording devices, the phonograph and later the wire and tape

recorders, even when developed further than they were in 1929, solved

only part of the problem. The actual speech sounds could then be re-

corded and replayed, but an observer still had to rely on his judgment

as a perceiver of sound and speech in order to analyze the data.

Two years after the introduction of the sound spectrograph, in

1949, Lynip published a report of the use of this device in the study

of infant speech. He recorded the speech sounds of a little girl, be-

ginning with the birth cry and sampling at intervals ending at 56 weeks

when intelligible speech began. A spectrographic analysis of these re-

cordings revealed nothing which resembled the spectrograms of phonemes

produced by adults.
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In 1960, Winitz published a data-garnished polemic on the subject

the spectrographic analysis of infant vocalization. He argued that

the fact that the infant's spectrograms didn't look like spectrograms

of adult spee61 simply proved that the spectrograph isn't a good device

for the s udy of infant vocalizations. "The basic data against which

any instrumental method of phonetic analysis must be validated are the

phonetic analyses made by competent observers yhose validity LyAip

questions" (Winitz, 1960, p. 173).

Without resolving the question of the validity of spectrographic

description, it must be acknowledged that for each s.,wo-second sample of

vocalization approximately fifteen minutes are required to process, cali-

brate, crudely quantify, and classify each spectrogram--and that tht

problems of observer interpretation remain, although transferred from

auditory to visual modes.

This brief account of the techniques that have been employed so far

for collection and acoustic analysis of infant vocal behavior indicates

that an extension of our knowledge of vocal development requires new

techniques. Accordingly, I undertook, a year ago, to collect perman-

ent, complete and continuous records of all vocalizations of two in-

fants, one male and one female, and then to process these records by

novel electro-acoustic techniques. My initial concern was to measure

the acoustic correlates of the prosodic features of speech--namely,

duration, intensity and fundamental frequency. In this report these

measures are analyzed as a function of age and the techniques used to

obtain them are described.
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METHOD

Subjects

The first-born child of the experimenter was subject I in this ex-

periment. The delivery was full-term, normal and easy. The birth

weight was 7 1/2 counds, which is average for male infants in the middle-

west. lie was five months and 17 pounds when the experiment ended.

Subject II was the first-born child of a research assistant at the

Center for Research on Language and Language Behavior. The delivery W9S

full-term, normal and easy. The birth weight was 6 1/2 pounds, which is

average for female infants in the mtddlewest. She was five months and

16 pounds when the experiment ended.

Subject II was born three days after subject I. According to a

periodic series of medical examinations made by the University of Michi-

gan Child Care Center the infants grew and developed within the average

range. Subject I was breast-fed and subject II was bottle-fdU. Neither

infant had any digestive disturbances or experienced any illnesses for

the duration of the study.

Recording and sampling of vocalizing.

During the deliveries of the infants whose vocalizing is the sub-

ject of this study, medical personnel wore lapel microphones
1
whose out-

puts were recorded on magnetic tape. All subsequent vocalizing by the

infants at the hospital was recorded by placing them in private rooms

containing a microphone
2

wired to a fast-acting voice-operated switch

(Miratel) and to a tape recorder (Tandberg).
3

After leaving the hos-

pital, both children were cared for at home in plexiglass "air cribs"

(T.M.I.) that provided no sources of sound within the crib and attenu-

ation of external sounds
4
--hence, a good recording environment. The



parents of the children were paid to keep a detailed record on prepared

forms of major environmental events affecting the infant. These records

were synchronized with the tape recordings by writing down the reading

of the footage indicator on the tape recorder.

Complete recordings of all vocal behavior during the first five

months of life constitute a formidable tape library, which was sampled

for analysis in the following way. A master tape was prepared for each

child which contained three 95-sec samples of the vocal behavior during

every fourth day of life for the first 141 days. For the samples taken

from the first month (in which the infant had no regular sleeping times)

the three daily samples were excerpted from the recordings for 12 a.m. to

8 a.m., 8 a.m. to 4 p.m., and 4 p.m. to 12 p.m., respectively. This was

accomplished by listening to the recording, beginning at the start of

each period, and copying the first 95-;ec onto the master tape. In

some cases undesired noises intruded and the first 95-sec excluding

these intrusions was copied. For the samples of vocalizing in the fol-

lowing four months, the three daily periods from which 95-sec samples

were taken were: time at awakening (T) to T + 4 hours; T + 4 hours to

T + 8 hours; and T + 8 hours to T + 12 hours. These sampling procedures

yielded 108 95-sec samples for the initial acoustic analysis.

Analysis of the prosodic features.

The development of the prosodic features of the infant's vocal be-

havior was analyzed by extracting three acoustic parameters of the

vocalizing, fundamental frequency (cps), relative amplitude, and dur-

ation (msec), during each of the 108 samples, using analog electronic

devices. The outputs of these parameter extractors were sampled every

25 msec by an analog-to-digital converter, then processed by an on-

line digital computer (PDP-4, Digital Equipment Corp.).
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The duration of each utterance within a sample, the third prosodic

parameter, was determined in the computer by processing the input from

the amplitude extractor. When the amplitude dropped below a threshold

value (zero) and remained there longer than the silence threshold (Id:

the end of an utterance was logged at the time of the initial drop. The

start of a new utterance was recorded when the amplitude exceeded thresh-

old again.

In addition to defining the beginning and end of utterances, the

computer performed the following preliminary processing. Whenever the

amplitude fell below a minimal threshold value (a ), or the frequency

fell below a minimal value (1 ), in a 25 msec sample, the values of a

and £ were set to zero. This eliminated spuriously low readings due to

noise as well as vocal sounds without voicing at the glottis and hence

without prosodic value. It also eliminated false frequency readings

that would result from the rise-decay time of the frequency meter in

response to instantaneous onset or cessation of voicing.

After sampling and then correcting the amplitude and frequency

inputs in this fashion, the digital values were reconverted to voltages

and plotted as a function of time on a strip-chart recorder. These

records of the amplitude and frequency contours, after preliminary

processing, were compared with those obtained directly from the para-

meter extractors (before computer processing) so as to choose values

of a
o

and f that did not distort the orginal records.

The percentage of time spent vocalizing was not studied for two

reasons: first, the use of the voice-operated relay precludes this

since the silent time is not recorded; second, this measure is so

highly determined by irrelevant factors, such as the latency with which



diapers are changed, environmental temperature, promptness in feed-

ing the infant, etc., that it is of questionable value.

RESULTS AND DISCUSSION

Defining an utterance.

Three parameters of the technique of prosodic analysis determine

the definition of an utterance in this study and, hence, the magni-

tude of various response statistics. These are the amplitude, frequency,

and temporal thresholds. The appropriate values of the first two are

reasonably specified by considerations discussed earlier, but the most

suitable setting of the temporal threshold (t ) seemed more equivocal

and was explored. Four values of the temporal threshold were studied:

four out of five samples, 100 msec (four samples), 200 msec (eight

samples) and 400 msec (sixteen samples). This range of t values was

established with reference to both physiological and statistical con-

siderations. Neuromuscular constraints on the respiratory and vocal

apparatus probably set a lower bound to inter-response times in the

region of 100 msec (Rothenberg, 1966)
5

. On the other hand, when ut-

terances separated by more than 400 msec are pooled, the measures of

within utterance variance in the parameters are greatly inflated.

Tables 1 and 2 show the effects on several measures of infant vocal-

izing of varying this parameter of the analysis. A com)arison of the

data obtained from infant I, using the 400 msec t (Table 1) and 100

msec t
o

(Table 2) shows that the statistics for most of the parameters

are relatively unaffected by the choice of the t within this range.

(The results for the four out of five samples to were almost identical

with those for the 100 msec to; the results for the 200 msec t were
--o

intermediate between those for the 400 msec t
o

and the 100 msec to.) The
--
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first exception Is the higher arithmetic mean duration of utterances,

M
a
(0), for the 400 msec t than for the 100 msec tom. The second ex-

ception is the higher measures of within utterance variability in fun-

damental frequency, M(CVF), and amplitude, M(CVA) for the 400 msec to

than for the 100 msec t . Since most of the statistics reported are

remarkably stable over a wide range of tom, and since an increase in t

only increases the duration and within utterance variability of utterances,

both of which indi,ate that two or more distinct vocal responses are be-

ing compounded into one utterance, 100 msec was chosen as the temporal

threshold.

Statistical analysis.

After the preliminary processing, the computer determined, for each

95-sec sample, the number of utterances as defined above, the duration

of each utterance, and the mean and standard deviation of the fundamental

frequency and amplitude of each utterance. Pooling these statistics

for each of the utterances in a sample, the computer then determined

their frequency distributions over the entire sample. The computer

determined next the means and standard deviations associated with these

comvosite distributions. Consequently, there were two kinds of ste'.is-

tics reported for each 95-sec sample: (1) within utterance measures of

central tendency and variability, averaged over utterances, and (2) be-

tween utterance measures of central tendency and variability.

These studies revealed that the frequency distribution of duration

was highly right-skewed, whereas the frequency distributions of funda-

mental frequency and amplitude were not. Accordingly, the statistics
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presented here are based on the linear values of these parameters, with

the exception of duration for which both arithmetic and geometric means

are reported.

Trends in prosodic features.

Table 2 and Table 3 present several statistics that describe the

prosodic features of infant vocalizing, averaged over blocks of nine

samples and also over all samples. Statistics reported for the distri-

bution of the mean fundamental frequencies of utterances are its central

tendency, M(MF), skewness, G(MF), and variance expressed as the coeffi-

cient of variation between utterances, CV(MF) = S(MF)/M(MF). Also shown

is the average coefficient of variation within utterances in the funda-

mental frequency measures, M(CVF) = M(SF/MF), and the skewness of the

associated-distribution, G(CVF); the average coefficient of variation

within utterances in the amplitude measures, M(CVA) = M(SA/MA), and the

skewness of the associated distribution, G(CV,A). For the frequency

distribution of utterance durations, Table 2 and Table 3 show the cen-

tral tendency, Ma(D), the skewness, C(D), and the variance expressed

as the coefficient of variation, CV(D) = S(D)/M(D); the geometric mean,

M (D), is also given, since the distribution turns out to be highly

.right-skewed. Product-moment correlations are reported among the

following statistics, as shown in Table 2 and Table 3: utterance dura-

tion (D), mean utterance fundamental frequency (MF), mean utterance

amplitude (MA), within utterance variability in fundamental frequency

(SF), and within utterance variability in amplitude (SA).

All of the statistics reported in Table 2 and Table 3 (except

measures of skewness and correlations) are plotted in Fig. 1 as a
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function of age and sample number, averaged over blocks of nine samples.

Inspection of the developmental changes in the fundamental frequencies

of utterances over the first 141 days shows that the M(MF) of infant

(male) at birth was 438 cps; then it decreased to 411 cps by sample

number 18 (approximately 21 days), and remained ...here until sample

number 36 (approximately 45days); and then it rose and stabilized at

about 455 cps for the duration of the study. The average skewness

for the associated distributions, G(MF), reported in Table 2 is .482,

indicating that the distributions are slightly positively skewed.

The M(MF) of Infant II (female) at birth was 401 cps; then it de-

creased to 384 cps by sample number 18 (approximately 21 days); and

then it rose and stabilized at about 420 cps for the duration of the

study. The average skewness for the associated distributions, G(MF),

reported in Table 3 is .090, indicating that the distributions are

not skewed. A comparison of the developmental trend of M(MF) of in-

fants I and II reveals that the M(MF) of infant I is approximately 30

cps higher than infant II throughout the study, and that both infants

shcw a decrease from their initial values by sample number 18 (approx-

imately 21 days), then an increase to a value that exceeds their initial

level, and finally stability for the duration of the study.

Fairbanks (1942) found that the mean fundamental frequency of ex-

perimentally induced hunger wails of one infant increased consistently

from 373 cps at one month of age, to 415 cps at two months, to 485 cps

at three months, to 585 cps at four months, and then stabilized for the

next five months. The magnitude of the fundamental frequency and the

increase in fundamental frequency from age one month to age four months

and the subsequent stabilization is in agreement with the present find-

ings.
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The coefficient of variation between utterances in fundamental

frequency CV(MF), of infant I remained nearly constant (.096-.136) over

the entire study, as did the CV(MF) of infant II (.110-.166). That is

to say, the infant's utterances did not become more (or less) variable

in pitch as he grew older: approximately two-thirds of the utterances

in a typical sample had fundamental frequencies within about ten percent

of the mean value. The average coefficient of variation within utter-

ances in fundamental frequency, M(CVF), of infants I and II remained

similarly constant (.086-.113) and (.094-.135) respectively; the asso-

ciated distributions are not appreciably skewed, G(CVF) = .305 and -.209.

We may conclude that the infant's pitch did not fluctuate during an ut-

terance more (or less) as he grew older: approximately two-thirds of

the readings of his fundamental frequency during a typical utterance

were within ten percent of the mean frequency of that utterance.

The average coefficient of variation within utterances in amplitude,

M(CVA), of infants I and II also remained nearly constant (.291-.382)

and (.253-.417); the associated distributions are not skewed G(CVA) =

.035 and -.094. The M(CVA)'s of infants I and II, reported in Table 2

are .349 and .353; this is considerably higher than the M(CVF)'s, .098

and .116,showing that the variability in amplitude within utterances is

greater than the variability in fundamental frequency within utterances.

The arithmetic mean duration of utterances, Ma(D) of infants I and

II, reported in Tables 2 and 3, is 550 msec and 552 msec, respectively.

The average skewness for the frequency distributions of utterance dur-

ations, G(D), of infants I and II is 1.33 and 1.68, indicating that the

distributions are highly positive skewed. Thus, there were, in addi-

tion to many responses of short duration, a number of long ones,
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although, as can be seen from Table 2 and Table 3, this spread was re-

duced somewhat with increasing age. Indeed, some of the distributions

showed slight bimodality; however, it proved impossible to find a

non-arbitrary value of one or a number of parameters in combination

that would sort the responses into two (or more) classes. The coef-

ficient of variation between utterances in duration, CV(D), of infants

1 and II respectively decreased from 1.23 to .909 and from 1.27 to

.870 over the study indicating that the average duration of utterances

within a sample became more uniform as a function of age. The geometric

11
mean duration of utterances, Mg(D) of infants I and II, reported in

Tables 2 and 3 are 290 msec and 286 msec. The magnitude of the geometric

mean duration is smaller than that of the arithmetic mean duration, since

the frequency distributions of the utterance durations are highly posi-

tive skewed. Ringwall, Reese, and Markel (1965) report that 81 percent of

the utterances in four-minute segments of vocalizing obtained from 40

three-day-old infants were judged by trained listeners to be shorter than

the word "pit" as it is normally pronounced. Measurement of the word

"pit" produced by several different speakers shows its duration to he

approximately 350 msec. Thus, this measure of the duration of infant

utterances agrees with the present findings. Mural (1960) analyzed

spectrograms of vocal responding by four Japanese infants approximately

two months old and reported an average duration of 400 msec.

Possible sources of developmental trends.

The developmental trend of the M(MF) of both infants presented in

Figure 1 is of interest. This parameter shows a decrease from its ini-

tial value by sample number 18 (approximately 21 days), then an increase

to a value that exceeds its initial level, and finally stability for the

duration of the study.



-21-

Three possible explanations of these developmental trends suggef,t

themselves. First, the observed trend in this measure could be the Tv-

suit of chance fluctuations. This explanation seems rather unlikely in

view of the consistency of the trend across both subjects, and the mag-

nitude of the fluctuations. It must also be remembered that each data

point in Figure 1 is based on 34,200 values.

A second possible explanation is based on considerations of the in-

fants' physiological development. Increases in the area, thickness,

and length of the vocal cords with age, would lead (other things equal)

to a decrease in fundamental frequency which could account for the ini-

tial drop in the value of this parameter. However, an increase with

age in the subglottal pressure that the infant can develop (owing to

neuromuscular and anatomical dqvelopment of the respiratory mechanism)

would contribute to an increase in fundamental frequency. The suc-

cessive occurrence of these two antagonistic developments could produce

the observed trends.

A third possible explanation involves the greater fundamental fre-

quency of crying responses than those of non-crying responses. The Inl-

tial high level of this measure is due in this interpretation to the

relative frequency of unconditioned-reflex crying responses; the values

of the M(MF) then decrease as the relative frequency of unconditioned-

reflex crying decreases with age (Lenneberg, Rebelsky and Nichols, 1965).

Later, a new class of operant crying responses appears. These responses

occur more often as they come to be controlled by environmental events.

Thus, there is something of a time-lag between the gradual disappearance

of reflexive crying and the gradual appearance of motivated crying.
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variables are moderately high. The correlations between the mean utter-

ance amplitude, MA, the standard deviation within utterances in amplitude,

SA, and the duration ot utterances, D, are high. One can predict from

this that if one of these measures is high that the others are likely

to be also high. It is particularly interesting to note that longer

utterances typically have greater amplitude and shorter utterances have

less amplitude.

Recommendations for future research.

The stability and regularity of the various measures suggests that

comprehensive recording is not necessary. Since the relation between

the onset and development of language and correlated changes in prosody is

of great interest, sampling at longer intervals, once every two weeks

or every month, and extending the duration of data collection for a

single child to four years or more would be highly desirable.

In the early months the occasional use of a throat microphone

to provide a stable absolute measure of the sound pressure level of

infant vocalizations is recommended.

Future studies will no doubt advance only as far and as fast

as the relevant technologies allow. Exciting avenues for future re-

search include the spectral analysis of developmental changes in the

harmonic structure of infant vocalizations and the sequential pattern

analysis of the prosodic features of infant vocalizations. The former

would likely yield a more complete picture of language acquisition in

the child than prosodic data alone since the differentiation of the

harmonic structure underlies the development of speech. This analysis

awaits the quantification of spectrographic data for computer processing.
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The latter research Is necessary to separate the two vocal response

classes, operant and respondent, on the basis of prosodic information;

deterring this study is the lack of knowledge concerning prosodic

patterning.



Chapter II: CONTROL OF INFANT VOCAL AND MOTOR BEHAVIOR

INTRODUCTION

The behavior of the human infant has been of interest to psycho-

logists for years. Previous research has most often focused on

describing developmental changes in behavior and occasionally on the

experimental manipulation of the behavior. The early experimental

studies were concerned with the conditionability of infants and con-

centrated exclusively on respondent behavior; that is to say, behavior

correlated with specific eliciting stimuli (vide Skinner, 1938). The

most extensive studies of respondent conditioning with infants have

been conducted by Russian investigators. Razran (1933), and Brack-

bill (1960, 1962) have 11104,ewed a number of the Russian studies.

Most of this work, however, has not been available in English trans-

lation and much that is available is often incomplete with respect

to experimental procedures, the use of controls, and the extent of

parametric investigation (Lipsitt, 1963). For a review of both the

Soviet and American literature dealing with respondent conditioning

of infants see Lipsitt (1963).

It is only in the past ten years that rigorous studies of infant

operant behavior (vide Skinner, 1936) have been conducted. This re-

view is addressed to the generalizations emerging from studies of

operant conditioning of infants under six months of age. The members

-25-



-26-

of the response class termed operant have the defining character-

istics of not being correlated with specific identifiable eliciting

stimuli, operating upon the environment, and being amenable to con-

trol by stimuli presented immediately following a response. A stim-

ulus that affects the probability of occurrence of the operant that

it follows is designated a reinforcing stimulus, and the operation of

its presentation following an operant is designated reinforcement.

The experimental task in studying infant operant behavior is

threefold: first, one must select a response class that is not

tied too closely to eliciting stimuli; second, it is necessary to

identify a stimulus that will affect the probability of occurrence

of the operant without also having strong eliciting properties for

other perhaps incompatible responses; and third, it is necessary to

demonstrate that the behavior change in the experiment is a function

of operant as opposed to respondent control. All of these tasks are

problematic when studying infants, which no doubt accounts in large

measure for the deficit of experimental studies in this area.

The requirement that the response selected for study not be

closely tied to eliciting stimuli, severely limits one's choice

since an infant has only a relatively limited behavioral repertoire,

the majority of which is highly reflexive or is subject to multiple

sources of control (for example, vocalization is perhaps controlled

operantly as well as by eliciting stimuli).

The difficulty of identifying a reinforcing stimulus is com-

pounded by the constraints imposed upon investigations of infant be-

havior. Primary reinforcers such as food, water, warmth, etc., that

have been shown to be effective
reinforcers for more mature humans
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and numerous other species require prior deprivation which no in-

vestigators as yet have been willing to use with human infants. The

procedural difficulties involved in their delivery have also been a

limiting factor. The choice of possible reinforcers has been confined,

therefore, to either sensory reinforcers (Kish, 1966) such as tones,

lights, vibrations, etc., or secondary reinforcers (Kelleher and Gollub,

1962), usually social. A further constraint is that the reinforcing

stimulus should not have strong eliciting properties for the behavior

under study or other incompatible behaviors.

Finally, the demonstration of operant control requires that

the possibility of alternative for= of control be rejected. As

mentioned earlier, the behavioral repertoire of the human infant

is highly reflexive. It can be argued that in an operant condition-

ing experiment, in which stimuli are presented following a response,

that the stimuli presented are in fact eliciting the behavior and

that any increase in :he frequency of responding is attributable to

this. There are several ways of meeting this argument. The most

convincing refutation is the establishment of differential responding

under discriminative control in two or more conditions in which the

reinforcing stimulus is presented with equal frequency and only the

contingencies of reinforcement are varied. Since the frequency of

reinforcement is the same in all conditions any differential respond-

ing can be attributed solely to the control exercised by the contin-

gencies of stimulus presentatica.

It should also be pointed out that the argument of possible res-

pondent control becomes a bit tenuous when the response being studied

is clearly motor and is not subject to known sources of multiple control.
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I have been able to locate twelve experimental studies of operant be-

havior in infants under six months of age in the psychological lit-

erature that have succeeded, more or less, in overcoming the afore-

mentioned difficulties in this area of research.

The most common experimental design used in operant conditioning

studies with infants has been the baseline technique in which the

operant level of a response is first measured (baseline), then a

stimulus is presented contingent upon the response (conditioning),

and finally the stimulus is no longer presented contingent upon the

response (extinction). The limitations of this design are discussed

below.

A. Vocal behavior

Rheingold, Gewirtz, and Ross (1959) used the baseline design in

their study of the conditioning of vocalization in 3-month old in-
.

fants. Tweaty-one institutionalized infants (Ss) were studied. The

experimenters worked in pairs with one experimenter (E) and one ob-

server-recorder (0) and exchanged roles for half the Ss. The unit of

observation was a 3-min period, usually grouped in blocks of three,

separated by 2-min rest periods. In each day, for 6 days, there were

nine such 3-min periods. During the first two days (operant level),

E leaned over the crib looking at the S with an expressionless face
4mM./

for 18 3-min periods. During the second two days (conditioning),

each of S's vocalizations was reinforced by E smiling, saying "tsk,

tsk, tsk", and touching the infant's abdomen with thumb and fingers

briefly during 18 3-min periods. With a few Ss whose rate of vocal-

ization increased sufficiently, reinforcement was given successively
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on fixed-ratio schedules of 2 and 3. This was shortly discontinued

and CRF was again used since the intermittent reinforcement seemed

to depress the response rate. During the third two days (extinction),

E leaned over the crib with an expressionless face and made no response

to S's vocalizations during the lb 3-min periods.

The following response definition was adopted, "Every discrete,

voiced sound produced by the S was counted as a vocalization. A num-

ber of other sounds characteristically made by very young infants, e.g.,

straining sounds and coughs, whistles, squeaks, and snorts of noisy

breathing, were not counted as vocalizations. Sounds falling under

the categories of protests, fusses, and cries, were recorded separately.

No attempt was made to record the phonetic characteristics of any of

the sounds or their duration." (p. 69)

Observer reliability was checked occasionally by having two

O's record responses. Their percentage of agreement ranged from

67 percent to 100 percent, with a median of 96 perce over 27 3-min

periods.

The E's found a statistically significant increase in the number

of vocalizations during conditioning over the baseline level and a de-

crease in the number of vocalizations during extinction to near the

baseline level. Under baseline conditions the Ss gave about 13 to 14

vocalizations in a 3-min period. During conditioning the rate in-

creased to 18 the first day and 25 the second day, a total increase

of 86 percent over the baseline rate. Removing the reinforcer during

extinction reduced the rate to 17 vocalizations during the first and

to 15 during the second day.
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The E's also reported the ,observation of emotional behavior, "pro-_

tests, fusses, cries, etc.," during extinction. These were recorded

separately and not counted as a vocal response.

The E's concluded that infants'vocal behavior in a social sit-

uation can be brought under experimental control, that a social event

composed of an everyday complex of acts can function as a reinforcing

stimulus, anu that the incidence of vocal behavior can be very quickly

modified in as young an organism as the three-month old infant.

As Weisberg (1963) points out, however, the question of whether

vocalizing in the Rheingold et al study was operantly conditioned is

equivo.al since the reinforcing stimulus, per se, may have acted as

ar arousing stimulus or as a social releaser. In order to control for

the reinforcing event serving as a possible eliciting stimulus for the

vocal response Weisberg extended the procedure of Rheingold et al by

adding several conditions in addition to contingent social reinfc-cement

to the conditioning phase of his study of infant vocalization. The ex-

periment involved thirty-three 3-month-old institutionalized infants

(Ss) divided into 6 groups. The unit of observation was a 10-min period.

There were two such 10-min periods each day for 8 days.

The operant level period was 4 days consisting of 2 days of two

10-min periods with the experimenter (I) observing S from behind a

partition unobserved by S and 2 days of two 10-min periods with E seated

approximately 2 feet away facing S with an expressionless face. E re-

corded the number of vocalizations in each case.

During days 5 and 6, the conditioning phase of the study, the Ss

were divided into the following six experimental groups: I, Contingent
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social reinforcement, as in the Rheingold et al study. Each of S's

vocalizations we reinforced by E rubbing S's chin with thumb and

forefinger followed and overlapped by an open-mouthed "toothy" smile

and an aspirated "yeah" sound; II, Noncontingent social reinforcement,

the reinforcing events described above were given randomly four times

a minute; III, Contingent nonsocial reinforcement, a door chime was

sounded by F.; immediately after each vocalization by S; IV, Noncontingent

nonsocial reinforcement, the chime was sounded on the same schedule as

that followed with noncontingent social reinforcement; V, No E present,

no experimental manipulation; VI, E present, no experimental manipula-

tion.

Groups I and III were used to explore whether vocalizing was

amenable to operant conditioning. Groups II and IV were used to

determine whether the reinforcing stimuli had eliciting properties.

Group V controlled for changes in the operant rate of vocalizing with

time in the experiment independent of an E being present and Group VI

served as a second control group, to indicate whether the presence

of a human acted as a discriminative stimulus for vocalization.

Extinction with the E present was in effect on days 7 and b for

the contingent social and nonsocial reinforcement groups. Non-

contingent reinforcement was continued during days 7 and 8 for the non-

contingent social and nonsocial reinforcement groups. Conditions in

the no E present and E present groups remained the same on days 7 and 8.

The response definition was the same as that used in the Rheingold

et al study. Observer reliability for 20 sessions between E. and another

person trained to discriminate vocal behavior was 97 percent agreement.
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Results showed a significant increase in the rate of vocalization

for the contingent social reinforcement group during conditioning and

a slight decrease during extinction. Under baseline conuitions with

E present, Ss gaie an average of 11 responses in a 1U-min period.

During conditioning the rate increased to an average of 31 responses

in a 1U-min period. Extinction lowered the rate to an average of

about 20 responses in a 1U-min period.

None of the other conditions produced an increase in vocalization

during conditioning. The results indicated that the presentation of

an unresponsive human did not serve as a social releaser or discrimina-

tive stimulus for vocalization. The fact that the group receiving non-

contingent social reinforcement showed no increase in the rate of

°vocalization and behaved like those responding under all other condi-

tions except for the contingent social reinforcement group vitiates

the possibility that the reinforcement in the Rheingold et al study

and this study was functioning as an eliciting stimulus. The failure

to condition vocalization using contingent nonsocial reinforcement

only demonstrated that the particular nonsocial stimulus chosen did

not function as a reinforcer.

Smith and Smith (1962) failed to achieve conditioning in in..-

fants in an exploratory study of infant vocalization. Infants

from 4-months of age upward were placed in a playpen which could be

made to revolve once every 2b -sec, either independently of the child's

behavior, or contingent upon a vocal response. Each subject spent

20-min in the playpen, half of the time on continuous rotation and

half under a condition in which the playpen rotated once for every

vocal response. Older subjects gave significantly more vocalizations
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during the contingent phase than during the continuous-rotation phase,

but children under 12-mont;c showed no vocalization differences in the

two periods.

Etzel and Gewirtz (196o) studiee the experimental modification

of operant vocalization of two institutionalized infants, o and 2U

weeks of age, by using extinction of crying combined with social re-

inforcement for incompatible smiling behavior. Both infants were

selected for the study on the basis of their high rate of crying.

The experimental procedure for the twenty-week-old infant consisted of

operant level observation for 12-min a day for three days, followed by

extinction of crying combined with social reinforcement for smiling

for 12 min a day for three days and finally extinction of smiling as

well as crying for 12 min for one day. The experimental procedure

for the second infant was similar with only the number of days in

each condition increased to six days of operant level, nine days of

extinction of crying and reinforcement of smiling, and 16 days of

extinction of both crying and smiling. The results showed th,.: during

the second condition, extinction of crying and reinforcement of

smiling, the rate of crying decreased and the rate of smiling increased.

In the final condition, extinction of both crying and smiling, the

rate of crying increased to the operant level and the rate of smiling

decreased.

B. Motor behavior

Brackbill's (1958) study of smiling in infants was one of the

first to utilize operant procedures in the investigation of infant

behavior. Eight infants (Ss) between the ages of 3 1/2 to 4 1/2 -Ionths



served as subjects. The Ss were tested individually in their homes.

The Ss were assigned to either a continuous reinforcement (CRF) or

intermittent reinforcement (iR) group.

For both groups, the experimental procedure was divided into

three periods: in the first period the experimenter (E) stood

motionless above S, and observed him for 5-min intervals to ascertain

the operant le-,7e1 of smiling. in the second or conditioning period,

reinforcement was given contingent upon S'- smile. Reinforcement was

a return smile from the f, who in addition spoke softly to the S,

picked him up, patted, and jostled him for 3U sec. For the CRF group

every smile was reinforced, tae 1k group was initially reinforced

continuously and then was switched to a variable-ratio of 2, then 3,

and finally a VR 4. In the third or extiuction.period, the Ss were

again observed as in the operant level period. Brackbill's major

findings were that conditioning increased the response rate from 2 1/2

responses per 5-min period to 5 responses and that the use of inter-

mittent reinforcement resulted in a greater resistance to extinction.

The rate of protesting (crying and fussing) was observed to decrease

during conditioning and increase during extinction.

Friedlander (1961) studied the cord pulling behavior of two infants

3 1/2 and 7 months. The infant's fist was loosely tied to a cord which

was suspended from the leaf of a microswitch mounted above the crib.

The number and duration of pulls were recorded in set time periods

under different response-feedback conditions. Different reinforcers

were studied, such as a white lamp flashing at the foot of the crib, a

small light going on near the child's fist, or two red lights being



activated alternately with the beginning and end of a response.

Friedlander also utilized the mother as a reinforcing stimulus, with

the reinforcement light illuminating her as the child responded. One

experiment involved two alternating conditions, continuous reinforce-

ment (CRF), with the reinforcement continuing for as long as the S

held down the microswitctt, and no reinforcement (LXT). In a second

experiment, the two conditions were CRF and a fixed-ratio of 4 (FR 4),

with the duration of reinforcement again unlimited in both conditions.

In a third experiment, the reinforcement schedule was again varied,

CRF and FR 4 combined with a 2-sec reinforcement duration for each

response versus unlimited reinforcement duration for each as in the

other conditions.

In the first experiment there was a greater mean response dura-

tion during reinforcement phases, although there was no difference in

number of responses per minute under CRF and EX T conditions. Acquisition

data reported did not show an increase in differential responding

during the two conditions. Over a four-session period, differentiation

in fact seemed to decrease. This might be attributed either to a

failure of conditioning or to satiation with the reinforcer over time.

In the second ecperiment the infant's responses were of greater dura-

tion under the CRF than the FR reinforcement condition. In the third

experiment, the imposition of a limited reinforcement duration for

each response increased the number of responses made under both the

CRF and the FR reinforcement conditions. Friedlander concluded that

significant changes in performance by both infants were associated

with experimentally controlled changes in the reinforcing stimuli.

Rheingold, Stanley, and Cooley (l962) reported the design of



an experimental crib for use in studying the exploratory behavior of

the human infant. The apparatus allows measurement of a specific

response and provided fur automatic sensory feed-back from such re-

spouses. The infant, supported in a canvas seat inside a special

cubicle, faces a movie screen 3U-in. away. A 4-in. diameter sphere

mounted on an adjustable rod serves as the manipulandum just within

reach of the infant's hands. Control equipment in an adjacent room

activates the stimulus-producing equipment and records responses.

The reinforcing effects of visual stimuli on exploratory behavior can

be studied by comparing the infant's behavior, displacemen.t of the

sphere a minimum distance, under a noncontingent reinforcement con-

dition with a contingent reinforcement condition in which a response

activates a filmstrip showing brightly colored and moving geometric

figures. Sample data presented by the authors LIdicated that for

some Ss discrimination between the two reinforcement conditions occurred,

such that more responses were emitted during the contingent reinforce-

ment phases.

Clayton and Lipsitt (Lipsitt, 1963) failed to achieve avoidance

conditioning with newborns. The newborns were run in tandem, each .

lying on a mattress with a plastic kick-panel at his feet. Each panel,

when kicked, triggered its own microsw.ktch, and recorded the number

of kicks for each infant separately on cumulative response recorders.

A pair of electrodes attached to each infant's leg enabled simultaneous

delivery of a mild shock to both infants. After a basal period during

which the operant kicking level of each infant was measured, kicking

of the panel by Baby A delivered a 2-sec shock (or less, if Baby A



withdrew his leg) to both Baby A and Baby B. Thus, Baby A received

shock specitically for kicking his panel, while Baby B received the

same shock on a noncontingent basis. The intent was to determine

whether Baby A would learn to refrain from kicking the panel and

thereby reduce the number of shocks received, relative to Baby B

who might not be expected to refrain from kicking the panel. Accord-

ing to the experimenters, the procedure proved fruitless under the

conditions employed, perhaps because the aversive stimulation tended

to increase activity, working in an opposite direction to the change

in behavior sought.

Bower (1966) utilized operant conditioning procedures in the

study of slant perception and shape constancy in infants. The infant

was placed in a reclining position with his head between two yielding

pads. By turning his head as little as half an inch to the left he

was able to close a microswitch that operated a response recorder.

Reinforcement consisted of a "peekaboo": an experimenter pops up

in front of the infant, smiling, nodding, speaking and then quickly

disappears from view. Subjects, aged 50 to 60 days, responded at a

rate as high as one response per 2.0-sec on a variable-ratio schedule

on which every fifth response, on the average was reinforced. The

infants were conditioned to respond in the presence of a specific

stimulus and were then tested for generalization. The results of the

experiment show that this technique can be successfully used in

studies of infant perception, as well as studies of infant learning.

Heid's (19t5) dissertation study focused on the effects of visual

and auditory consequent stimuli on the response class of general

activity. The subject (§) was the daughter of the experimenter. The
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experimental apparatus was set up in the infant's home; 2U-min ses-

sions were conducted daily from the time the S was tw-N weeks old

until she was 3-months old. Mexican marimba music and a movie of a

Christmas bulb mobile T.4-;re presented for 1-sec when reinforcement

was programmed. Conditions, sequenced chronologically, included

28 sessions of operant level, four sessions of continuous reinforcement

(CRF) contingent upon activity, six sessions of alternating 2-min

intervals of reinforcement and extinction, seven sessions of differential

reinforcement for not responding (1)R0 5-sec), seven more sessions of

alternating 2-min intervals of reinforcement and extinction, 13 sessions

of alternating 2-min intervals of contingent and noncontingene.reinforce-

ment, and 12 sessions of alternating 4-min intervals of CRF and punish-

ment, whereby a continuously present reinforcer was interrupted for 5-sec

following each response. In early sessions with alternating intervals

a light was present as a discriminative stimulus during the reinforce-

ment phase for several sessions but was discontinued when discrimination

did not develop. The response rate during operant level sessions was

extremely high, averaging 20 responses per minute, and quite variable

from session to session. When reinforcement contingent upon activity

was presented there was no increase or change from the instability of

the operant rate. Differential responding was statistically evident

in those sessions when contingent reinforcement was paired with non-

contingent reinforcement and with punisnment. The differential re-

sponding that was obtained proveu to be extremely unstable. No dif-

ferential responding was observed during the other conditions. In

fact the rate of responding increased during the DRG sessions and

also during the extinction component which was paired with CRF. Cry-

ing was also observed to occur during extinction.
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In two recent papers, Watson (lab, 1967) has discussed and

studied the concept of concingency awareness in early infancy. He

has proposed that learning is dependent on the infant's memory span

fur contingency experiences. An extension of this is his hypothesis

that the first three months of the human infant's life amounts to a

period of natural deprivation of contingency experiences which may

produce debilitating intellectual effects and result in a decline in

the ability of the infant to handle contingency information during

the first three months of life.

1117-telt these hypotheses a study was conducted which attempted

to alter the relative rate of visual fixation on toe left versus the

right side of the infant's visual field by making certain auditory

and visual stimulation, a 1000 cps tone and a picture of a human

face, contingent on looking at ore of two latterly distributed spatial

positions. Thirty-two infants, 13-14 weeks old, comprised the Ss for

the first part of the study. In the second part of the study were 24

infants, 9-1U weeks old.

He concluded from the data that the effect of rewarding a specific

fixation response in infants about 3 months of age has a negligible

effect for the determination of the infant's next fixation, if that

fixation occurs less than 3-sec or more than about 5-sec following

the initial response. But if the next fixation occurs between these

two points in time, the effect of the reward is a considerable in-

crease in the likelihood that the response will be a repetition of

the particular fixation rewarded. He also concluded that the data

offer substantial support for the contention that the younger infants

may well have performed contingency analysis more quickly than the

older infants.
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It should be clear from the prior review that rigorous experimental

procedures have not as yet been sufficiently developed to allow an ex-

tensive analysis of infant operant behavior.

The present study is designed to develop experimental procedures

that will facilitate research in this area as well as to yield data

contributing to the analysis and fuller understanding of infant operant

behavior.

METdUll

Subject

The second-born child of the experimenter was the subject in

this experiment. The delivery was full-term, normal and easy. The

birth weight was 9 3/4 pounds, which is slightly above average for

male infants in the Middlewest. He was 10 days old and weighed 9 3/4

pounds when the experiment began and was 3 months and 17 pounds when

the experiment ended. According to a periodic series of medical

examinations made by the University of Michigan Child Care Center

the infant grew and developed within the average range. He was

breast-fed, had no digestive disturbances and experienced no illnesses

for the duration of the study. The subject slept and was cared for

in a plexiglass "air crib" (T.N.I.) that also served as the experi-

mental chamber. The infant was frequently out of the crib on ex-

cursions with the family and for play experiences at home. When the

infant was in the crib, bells, stuffed animals and mobiles were

provided. The infant rarely cried and presented every evidence of

being an unusually alert, comfortable, and happy infant.
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Apparatus

The experimental chamber was a commercially available plexiglass

"air-crib" (T.M.I.) that also served as living quarters for the infant.

The crib provided no source of sound from within and attenuated ex-

ternal sounds.

During experimental sessions a 24" by 36" piece of red translucent

plastic was placed along one side of the crib and a 100 watt red light

was placed behind the red plastic.

Two response transducing devices were used. To measure the

rate of vocalization a highly sensitive directional microphone (Altec,

633A)
6
was placed in the crib approximately 4-in. from the infant's

head. The microphone was connected to a magnetic tape recorder

(Tandberg, Model 64) and also to a fast-acting voice-operated switch

(Miratel, Uodel V-1005-X) which was sensitive to and could separate'

all responses with an inter-response time of 175 msec or greater.

The second response transducer was a micro-switch mounted behind

a hinged panel, 8" high by 19" wide, that was placed at one end of

the crib with the infant positioned such that he could kick it. The

switch registered a response whenever it was depressed and released.

The outputs of both manipulanda were connected to control cir-

cuitry consisting of a cumulative response recorder (Gerbrands),

timers, counters, and relay circuitry. The cumulative recorder

stepped upward with each response, blipped down with each reinforce-

ment, and marked codition changes. Counters recorded the total

number of responses and reinforcements during each session. The

recording and control circuitry were located in an adjoining room.

Four different potentially reinforcing events were used. A

small, 1" by 1" by 1/4", vibrator, electrically pulsed six times a
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second was taped to the infant's right palm. A thin, flexible cord

was used, allowing freedom of movement. A second device consisted of

an aluminum box, 6" by 4" by 2", with two small light bulbs, one red

and one yellow, mounted on it. The bulbs flashed in alternation once

every second. The box was placed at eye level beside the infant.

The third device was a magnetic tape repealer (Mag-Matic) placed at

the end of the crib. The tape used was a recording of the infant's

mother talking to the infant while nursing. The mother continued to

repeat the same monologue to die infant on subsequent feedings for

the duration of the study.

A recording of the mother's heartbeat, the fourth device, was

used once.

Stimulus and response events were programmed so that a response

could be followed by no consequence, by 5-sec of vibration, or by 5-sec

of flashing lights and the recording of the mother's voice. The red

light behind the red plastic could be turned on or off during either

reinforcement condition as a discriminative stimulus (S
D
). The control

equipment determined the sequencing of the experimental conditions.

Procedure

Before each experimental session the infant was briefly removed

from the crib along with the bells, stuffed animals and mobiles, the

experimental equipment was placed in the crib, and the infant was then

returned to the crib. The infant was placed in a supine position for

all sessions, clothed in a diaper and shirt, with the temperature

regulated at 81° F.

Sessions were usually run daily although there were several longer
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lapses between sessions as well as two sessions occurring in a single day.

Early mornings after feeding proved to be the best time for the sessions.

Since the vocal response of an infant can be elicited by a number

of conditions, which would interfere with and confound parts of this

study, it was extremely important to remove all of the antecedents of

respondent crying; special attention to feeding, burping, amount of

sleep, and schedule of defecation and urination was required with the

timing of the experimental sessions determined by these factors. The

infant was observed during sessions from a concealed vantage point.

Wet diapers were changed immediately. If the infant began to defecate

or fall asleep the experimental session was terminated and the data not

ounted. These events occurred 2 and 3 times respectively.

There were 67 full sessions. The duration of the first thirty

sions was 30-min each. later sessions were 20-min each. Experitental

ditions are described below in chronological order.

ses

con

uocalization

Operant level. The procedure described above was followed. The

operant

which t

level of vocalizing was measured for five sessions during

he experimental apparatus was present in the crib. During

these sessions no consequence followd the response.

Cont inuous reinforcement. Continuous reinforcement (CRF) con-

tingent on

The red lig

vocalization was initiated during sessions 6 through 11.

ht (S
D) was on during all sessions.

The first reinforcement session explored the use of a recording

of the mother 's heartbeat as a reLitorcer.

In sessio

tion of 5-sec

ns 7 through 11 the vibrator was presented for a dura-

contingent on each response.



Intermittent reinforcement. The conditioning of vocalization

initiated using CRF and reinforced by the vibrator for 5-sec was

extended during sessions 12 through lo to intermittent reinforce-

ment on a fixed-ratio of one reinforcement for every three responses

(FR 3). The light was on during all sessions.

Multiple schedule IMULT(3)FR 33 DEM. The two components of

the multiple schedule used in sessions 19 through 33 were (3) FR3 and

differential reinforcement of zero rate (DRO). The red light was

correlated with the FR 3 component. The infant was reinforced with

the vibrator for 5-sec, while the red light was contingent upon

the emission of three vocalizations. This contingency was in effect

for a total of three reinforcements. The light then switched off

and the infant was reinforced with the vibrator for 5-sec if he re-

mained quiet for 30-sec (this was reduced to 15-sec after session

20 and further reduced to 7-sec after session 27). Every vocaliza-

tior. while the red light was off reset the timer. At the end of

the silent period the infant was reinforced and the red light switched

on indicating a return to the FR component.

StaLL.ing with session.28 the flashing lights and the recording

of the mother's voice were used as reinforcers replacing tie vibrator

and the red light was correlated with the DRO component.

The flashing lights and the recording of the mother's voice were

used as reinforcers for the duration of the study.

Multiple schedule [MULT (3) FR3 NONCONT REINJ. The two components

of the multiple schedule used in sessions 34 and 35 were (3)FR3 and

noncontingent reinforcement. The red light was correlated with the

noncontingent reinforcement component and no light was correlated with





intermittent reinforcement. Vocalization was reinforced on a

FR3 schedule during session 50 and 51. The red light was off.

Vocalization and leg kick

During sessions 52 through 67 both vocalization and leg kick

were reinforced on two concucrent multiple schedules.

During sessions 52 through 54 in the first 10-min of the session

vocalization was reinforced on a FR3 and the infant was moved away from

the leg kick apparatus which was inactive. In the second 10-min of the

session the microphone was removed and inactive, and the infant was

moved near the leg kick apparatus and leg kicking was reinforced on

a FR3. The red light was correlatpd with the leg kick component.

In sessions 55 through 57 both responses were reinforced as

above but the reinforcement conditions were alternated every 5 min.

both the presence of the microphone and the proximity to the leg kick

apparatus during the periods when they were inactive were faded in by

allowing the infant to be closer to them during each successive session.

in sessions 56 through 67 both manipulanda were present. Responses

were reinforced as above with the reinforcement conditions alternating

every 5-min. During the first and third 5-min periods vocalization was

reinforced on a FR3 and leg kicking was extinguished. In the second

and fourth 5-min periods leg kicking was reinforced on a FR3 and

vocalization was extinguished. The red light was correlated with the

leg kick component. Reinforcement and extinction are reciprocal

operations here since the stimulus correlated with reinforcement (S
D
)

,

for one response is correlated with extinction 0
A
) for the other

response, and vice-versa. Both the number of reinforced responses
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.

(S
D

responses) and the number of unreinforced responses responses)

during all sessions were recorded.

RESULTS

Vocalization

Figure 2 shows the cumulative response records of vocalization

in sess! ls 1 through 5, operant level; sessions 7 through 11, con-

tinuous reinforcement (CRF); and sessions 12 through 16, fixed-ratio

reinforcement (FR3). The average numbt4r of responses during the

operant level sessions was 43, during CRF sessions it was 100, and

during FR3 sessions it reachea 215. Responding in both CRF and

FR3 sessions is marked by bursts of rapid responding followed by

pauses. Towards the end of 'many sessions the response rate declines.

This is perhaps attributable to satiation or possibly fatigue. The

most common responses in these sessions were voiced and of short dura-

tion, although a number of other sounds such as coughs, snorts, and

sneezes also occurred. No attempt was made to separate these. Cries,

whines, and whimpers rarely occurred. Little responding was observed

while the reinforcement was being delivered.

Although the average response rate during the FR3 sessions is

five times greater than the operant level, this cannot yet be attributed

to the reinforcing as opposed to the eliciting function of the stimuli

presented. To remove this ambiguity by separating these possible

functions a multiple schedule (MULT(3)FR3 DRO) was introduced in ses-

sions 19 through 33. Differential responding during the two components

cf the schedule was not achieved. In fact the response rate remained

greater during the DRO component. The time requirement initially selected
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Fig. 2. Cumulative response records
of vocalization in sessions 1 through 5
(operant level), 7 through 11 (CRF), and
12 through 18 (FR3).
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for the DRO component,30-sec, proved to be much too long. That is

to say, the infant seldom satisfied the criteria for reinforcement

during the DRO component. DRO, therefore, operationally resembled

experimental extinction.

Vocalization in the first FR component of the schedule was

similar to that in the conditioning phase. However, after several

unreinforced responses during DRO the topography of the response

changed to crying. Attempts to remove this problem by shortening

the DRO requirement from 3U-sec to 15-sec and later to 7-sec failed

to eliminate the crying. The apparent elicitation of crying result-

ing from unreinforced responding in DRO completely interfered with the

establishment of discriminative behavior.

In sessions 34 and 35 a second multiple schedule [MULT(3)FR3

NONCONT REIN] was introduced. Differential responding was not established.

The response rate during the noncontingent reinforcement component was

approximately the same as during the FR component. The response rate

during the noncontingent reinforcement phase did not decrease since

the infant continued to respond as in the FR component and therefore

received reinforcement following vocalization. This served to increase

the response rate and crying soon developed. The development of crying

precipitated the abandonment of this schedule aftt.r two sessions. The

research strategy was shifted at this point to achieving control over

two operants, leg kick and vocalization, and then integrating these

together into a schedule in which both operants are under discriminative

control.

Leg kick

Figure 3 shows the cumulative response records of sessions 36
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through 46 in whik:h the leg kick response was studied. The average

number of responses during operant Level (sessions 36 and 37) was 15.

CRF continr.,:nt upon leg kick (sessions 3b and 39) increased the average

number of responses per session to 78, intermittent reinforcement

(sessions 40-45) further increased this to 193 during the FR3 sessions

and 310 during the FR5 sessions. The average inter-response time
7

for

the FR5 sessions is approximately 3-sec. This high response rate was

maintained for the entire 20-mit: sessions with little apparent fatigue.

Only a few, short, post-reinforcement pauses can be seen in Fig. 3.

The topography of the response became highly differentiated. Two

distinct response patterns developed. The first was alternation with

one foot pressing and releasing the panel followed by the other foot

pressing and releasing the panel. The responses were quite vigorous,

to the point of producing loud noises and vibrating the crib. During

early sessions the infant occasionally kept one leg extended against

the panel and failed to release the micro-switch and thereby register

a response. T'is later dropped out and the -response became a smooth

extension, flexion movement. The second response pattern was executed

with one foot, typically the right, resting on the heel with the toes

in contact with the panel. A slight depression of th panel and its

release was accomplished with little effort by the toes alone. Pro-

longed depression of the panel was not observed to occur as often as

with the vigorous kicks. The second response pattern appeared to be

somewhat more common although no measure of their relative frequency

was made. There was little responding during the time when the rein-

forcement was being presented. However, in latter sessions the infant

would often depress the panel during reinforcement and release it as
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soon as the reinforcement terminated, thereby registering a response.

Extinction of the response can be seen in Fig. 3. Examination

of the cumulative response records of sessions 46 and 47 shows that

most of the responses in extinction, an average of 142 responses per

session, occurred early in the session in rapid bursts followed by

prolonged breaks in responding. This is consistent with what is

characteristically found in extinction following fixed-ratio rein-

forcement (Forster and Skinner, 1957, p. 57). Spontaneous recovery

at the beginning of the second extinction session is evident. During

extinction the response topography shifted to vigorous kicking. The

infant engaged in a number of alternative behaviors such as chewing

on a fist, fixating on a feature of the environment and crying when

he was not responding. Crying also occurred while he was responding

during extinction.

Reconditioning of the response on a FR5, during session 48, re-

turned the response rate to its previous level during FR5 reinforcement.

Vocalization

Vocalization was reconditioned in sessions 49 through 51 as shown

in the cumulative response records presented in Figure 4. The response

rates, 111 responses in CRF, 168 responses in the first FR3 session and

240 responses in the second, are somewhat higher than those in the prior

vocalization sessions under the same schedules.

Vocalization and leg kick

During sessions 52 through 67 both vocalization and leg kick were

studied. Sessions 52 through 57 were devoted to gradually introducing

both manipulanda into the experimental situation. In Figure 5 is
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S Responses
(A) VOCALIZATION AND LEG KICK e6 S Responses
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Fig. 5. SD
and leg. kick), B

and S
A responses for A (vocalization

(vocalization), and C (leg kiCk).
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plotted the number of reinforced (Sp) responses and the number of un-

reinforced (S
A) responses for (A) vocalization plus leg kick, (B)

vocalization alone, and (C) leg kick alone. Initially the number of

S
D

and S
A

responses were approximately the same for A, B, and C. In

sessions 60 and 61 there was no differential responding as the response

rate decreased to about one-half its level :luring session 59 as a

result of both responses undergoing extinction during S
A

. Greater S
D.

responding is evident starting in session 62 and continuing to increase

through session 67. As can be seen in Fig. 5 the differential respond-

ing developed for both (B) vocalization and (C) leg kick. The per-

centages of all vocalizations and leg kicks that were S
D

responses,

all vocalizations that were S
D

responses, and all leg kicki that were

S
D responses in sessions 59 through 67 can be seen-in Table 4. The

proportion of S
D

responses increases from chance level in the early

sessions until about three out of every four responses in the final

sessions are S
D

responses.

DISCUSSION

This study has presented a clear demonstration of differential

responding under discriminative control for both vocal and motor

operants in a human infant less than three months of age; it has,

also, developed an experimental procedure for the analysis of in-

fant operant behavior, identified reinforcers, and achieved schedule

control over responding.

This is the first demonstration of differential responding under

discriminative control for both vocal and motor operants in a human

infant under six months of age. Discriminative control of differential
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Table 4

The Percentages of All Vocalizations and Leg Kicks
That Were SD Responses, All Vocalizations That Were
SD Responses, and All Leg Kicks That Were SD Responses

in Sessions 59 Through 67.

Sessions

VOCALIZATION

AND LEG KICK

VOCALIZATION LEG KICK

59 .52 .48 .56

60 .49 .54 .46

61 .49 .59 .41

62 .57 .51 .71

63 .63 .73 .55

64 .67 .65 .68

65 .64 .62 .66

66 .73 .76 .69

67 .72 .69 .77
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responding in two concurrent responses is the strongest argument

that can be advanced to establish that the behaviors wide,- in-

vestigation are operant. The operants studied, vocalization and

leg kick, will both likely be prominent in future stuuies of

infant operant behavior. The vocal operant in 'infants is of great

interest because of the obvious relationship it bears to the de-

velopment of speech. The fuller analysis and understanaing of tue

importance of environmental factors in the genesis of speech may

provide us with the knowledge and techniques to facilitate its

acquisition, development, and remeuiation. Along with this innerent

interest, the vocal response is a rattier difficult response class .

to focus on in a study of infant operant uehavior because of the

multiple sources of control over it. The problems surrounding its

study are manifold, ranging from its measurement to procedural

considerations involved in minimizing the probability of elicited

vocalization.

The leg kick operant in infants has a great deal to recommend

it. The respons'e is not subject to multiple sources of control;

infants can perform it rapidly with little effort, and no apparent

fatigue; the operant level is above zero and tue maximum response

rate is quite high; and a transducer for the response is extremely

simple and easily constructed. Given all of tuese enaracteristics

it would be an excellent response to utilize in future studies.

The development of a successful experimental procedure for the

analysis of infant operant behavior was arrived at only after several

other procedures were employed and rejected. The problems encountered

with the first multiple schedule were avoided through the use of two
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concurrent multiple schedules. The development of crying during

the MULT (3) FR3 DRO as a result of tue occurrence of unreinforced

responses, although interesting in itself and worthy of investigation,

completely thwarted early attempts to control operant vocalization.

Infant crying as a result of unreinforced responding has been reported

in other studies (Rheingoldet al 1959;' Brackbill, 1956; Reid, 19b5)

and appears to be a general finding. This suggests that it would be

wise to avoid the use of extinction sessions with infants when study-

ing vocal behavior, unless one is specifically interested in the

elicitation of crying under an extinction procedure.

The development of crying during the MULT (3) FR3 NONCONT REIN

appeared to be related to the high rate of responding that occurred,

although it should not be concluded that there is a definite relation-

ship, since a high rate of vocalization was maintained in sessions 7

through 16, see Fig. 2, without the development of crying.

For studies waose primary purpose is to provide a demonstration

that specific responses of an infant are subject to operant control

the use of two concurrent responses, as in this study, is highly

re conunerided.

We cannot tell from the data how age dependent were the failures

and successes of this study. Because of tue variation in the procedures

employed, we do not know if conditions used .Late in the study would

have been effective earlier; nor do we know if those conditions used

earlier would have been effective if the infant had been older. Tne

study of more infants within this age range would clarify this.

A facet of the procedure not to be overlooked or minimized in

importance was the location and timing of experimental sessions.



A study of this nature would have been extremely difficult to :.onduct

in any location other than the infant's home. The necessity of having

the infant contented (i.e., free from noxious eliciting stimuli) and

alert has previously been emphasized. It required careful observation

for the entire study and constant attention and care prior to an ex-

perimental session to satisfy these requirements. Even then, it was

not always possible to satisfy the requirements every day or to predict

correctly that they were satisfied. The effort involved in arranging

for a contented yet alert infant for even twenty minutes a day is

much greater than one might anticipate.

There were four reinforcers employed in this research. The first,

a recording of the mother's heartbeat played through a speaker in the

crib, was only used once. Salk (196)) found that a similar recording

when played continuously in the nursery had a quieting effect on new-

borns. It seemed plausible, therefore, that a recording of heartbeat

played for 5-sec might function as a reinforcing stimulus. It was

introduced in session 6 on CRF. Following the first response the

heartbeat began, the infant appeared unusually alert while it continued

for 5 -sec., then when it terminated the infant emitted a scream that

was quite unlike any it had produced before; this in turn started the

heartbeat again and the infant was quiet until it terminated at which

point he screamed. This pattern continued until the session was

stopped and the infant removed. The possible reinforcing effects of

the heartbeat were overwhelmed by the aversiveness of its termination.

The second reinforcer, the vibrator, appeared to be quite

effective, the only exception being the decline in response rate ob-

served at the end of some of the sessions between 7 and 18, which was
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perhaps attributable to satiation with the reinforcer. The fact

that the decline could also be the result of fatigue led to the

reduction of the duration of the sessions from 30-min to 2U -min.

The vibrator was replaced by the flashing lights and the re-

cording of the mother's voice in the continuing search for a strong

reinforcer. This combination proved to be so effective that it

was used for the remainder of the study. The strength of the

mother's voice as a secondary reinforcer was maintained by having

the mother repeat the same monologue on the tape to the infant

during every feeding. The effectiveness of the lights alone or

the mother's voice alone was not studied.

The success of the procedure was also dependent upon the

choice of a suitable discriminative stimulus. To be most effective,

4 discriminative stimulus in studies with infants should not re-

quire an orienting response by the infant and the stimulus ought

to affect a different sensory modality tuan the reinforcing stimulus

does to avoid confusion. A tone, if an auditory reinforcer is not

being used, or a pervasive light, as in the present study, are

reasonable choices.

Previous research on the conditioning of infant vocal behavior

(Rheingold et al, 1959: Weisberg, 1963) have been short-term studies,

from six to eight days, with short experimental sessions, from 3 to

10-min, and have used 3-month-old infants. By contrast the present

study spans two-and-a-half months, from two weeks of age to three

months, and employed experimental sessions of 20-min and 30-min dura-

tion. Both prior studies found an increase in the number of vocaliza-

tions during conditioning sessions, using social reinforcements,



from about four responses per minute to seven responses per minute in

the first study and from one response per minute to three responses

per minute in the second study. In the present study the rate of

vocalization increased from a baseline of about 1 1/2 responses per

minute to seven, responses per minute in sessions 12 through lb, aad

during reconditioning of vocalization in sessions 49 through 51 to

an average rate of twelve responses per minute in the final session.

In all three studies extinction lowered the response rate lb-

tained during conditioning sessions, but not to the operant level.

Crying during extinction was also observed in all three studies. A

comparison .of the present research with prior studies of the con-

ditioning of motor operants shows, in terms of the response rates

obtained, that the study by Bower (1966) bears the closest resem-

blance. The average inter-response time obtained in this study,

3-sec, is slightly higher than that obtained by Bower, 2-sec, in

his study of head movement in infants. The procedure employed in

Brackbill's (1958) study limited the increase in response rate to

from 2 1/2 responses in 5-min to five responses in 5-min. In Heid's

study (1965), the selection of an operant and the adjustment of

the response transducer such that the operant level of the response

was 20 responses per minute prevented an increase during condition-

ing since the response level was almost at its maximum.

Brackbill and Heid both reported crying in extinction sessions

as in the present study.

Brackbill carried out extinction to zero and Heid discontinued

extinction sessions because of the crying that developed.. The pre-

sent study did not extend the extinction sessions until no responding
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was obtained, although as can be seen in Fig. 3 there was little

responding during the last 10-min of both extinction sessions.



SUMMARY AND CONCLUSIONS

These experiments have substantially increased our knowledge of

infant behavior. Both studies have pioneered in developing experi-

mental procedures applicable to the problems surrounding researca in

the areas of prosodic analysis of infant vocalization and operant

control of infant vocal and motor henavior. The unity of these

studies derives from their innovative approach to the study of infant

behavior at both the descriptive and manipulative level.

The data of Experiment I constitute the first extensive measures

of the prosodic features of infant vocalizing and their developmental

trends. Future studies utilizing these procedures and the refiiements

suggested offer the possibility of greatly extending our knowledge of

language acquisition in the normal child, as well as forming the

basis of diagnostic techniques for assessing and measuring infant

maladies.

The data of Experiment II clearly rresent the first demonstration

of differential responding under discriminative control for both

vocal and motor operants in a human infant less than three months of

age. Research utilizing the procedure developed in this study holds

the promise of extending our knowledge of infant operant behavior, as

well as, facilitating its acquisition, differentiation, and modification.

Rigorous studies of infant behavior, although in their infancy,

have a bright future.
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NOTES

1. The lapel microphone was an Electro-Voice, model 649B, with

a frequency response of 70 to 10,000 cps. This microphone was only

used for the delivery recording.

2. The microphone used for the duration of the study was an

Electro-Voice, model 654A, with a frequency response of 50 to 16,000

cps. The microphone had a flat frequency response from 50 to 16,000 cps.

3. The Tandberg, model 64, four track tape recorder had a fre-

quency response of 30 to 20,000 cps. The speed accuracy was + .2% or

+ 3.6 seconds in 30 minutes. A recording level 10 db below maximum lev-

el results in 1/2 of 1% distortion of a 40C cps signal when played back.

4. Measurement of the sound attenuating quality of the air crib

indicated that a moderately intense (80db) sound, from 100 cps. to 1000

cps, located two feet from the side of the crib was attenuated by approx-

imate'y 1/2 (6db) within the crib.

5. Rach (1960) has shown that the delay between the appearance of

a proprioceptive impulse during the execution of an arbitrary movement

and the motor correction elicited was about 1C1 msec. This coincids

with estimates by various authors of minimal syllable duration (Kozhevnikov

and Chistovich, 1965).

6. The ALTEC 633A microphone had a frequency response of 30 to

12,000 cps and was flat over this range.

7. The average inter-response time was arrived at by subtracting

the time the reinforcement was being presented (62 reinforcement X 5-sec

= 5:10) from the duration of the experimental session (20 min - 5:10 min

= 14:50 min) and dividing the average number of responses by this time

(

14:50
310

2 87-sec).
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APPENDIX - Explanation of Figures

Fig. 1. Developmental trends in the prosodic features of infant

vocalizing. Each statistic is presented as a functIon of age and

sample number, averaged over blocks of nine samples, the data for In-

fant I (male) are represented by circles; those for Infant II (female),

by triangles.

Fig. 2. Cumulative response records of vocalization in sessions

1 through 5 (operant level), 7 through 11 (CRF), and 12 through 18(FR3).

Fig. 3. Cumulative response records of leg kick in sessions 36

and 37 (operant level), 38 and 39 (CRF), 40 through A3 (FR3), 44 and 45

(FR5), 46 and 47 (EXT) and 48 (FR5).

Fig. 4. Cumulative response records of vocalization in sessions

49 (CRF), 50 and 51 (FR3).

Fig. 5. S
D

an6 S
A

responses for A (vocalization and leg kick),

B (vocalization) and C (leg kick).
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